Organic thin films based on ZnTPP and two metalloporphyrin derivatives, i.e. (2-Nitro-5, 10, 15, 20-tetraphenylporphyrinato) zinc (II) (ZnTPP-NO2) and (2, 3-Dioxo-5, 10, 15, 20-tetraphenylporphyrinato) zinc (II) (ZnTPP=O) have been deposited by spin-coating and used as optical chemically interesting materials for the detection of pyridine, ethyl acetate and methanol vapors. In particular, very interesting results have been obtained by optical absorption measurements carried out in the specific region and the selectivity towards different vapor analytes, depending both on the metal ion and the peripheral substituent of the macrocycle, was found. Moreover, this paper reports the use of an idea to analyze the variation in the area integral corresponding to the typical absorption peaks in defined spectral range for each sensing layer. The three sensing materials have been arranged in a colorimetric array configuration and examples of applications for "electronic nose", and shown good responses to single analyte.
Introduction
The concept of electronic nose technology to detect volatile organic compounds (VOCs) was proposed by Professor Suslick for the first time [1, 2] , and various techniques were used for detection of VOCs, such as absorbance, surface acoustic wave (SAW), conductance, current, voltage, resistance and LED optical [3] [4] [5] [6] [7] [8] [9] [10] .
The colorimetric array based on cross-responsive sensitive elements has been considered as a powerful approach toward the detection of VOCs, similar to the mammalian olfactory system [11, 12] . The design of the colorimetric array is based on the fundamental requirement that the chemo-responsive dye must contain a center to interact strongly with analytes, which implies that the interaction must not be simple physical adsorption, but rather stronger chemical interaction [13] .
Metalloporphyrins are usually used for the detection of metal-ligating vapors because of their strong binding of nearly all metal ions, their open coordination sites for axial ligation to the metal ions, and their intense coloration [14, 15] . Furthermore, metal ion plays an important role in determining the sensitivity and selectivity properties of metalloporphyrins [16] . In our previous work, Zn complex of 5, 10, 15, 20-tetraphenylporphyrin (TPP) was investigated as sensitive material for pyridine, ethyl acetate, and THF, and a mechanism underlying the vapor sensing was proposed to involve partial charge transfer between vapor molecule and metalloporphyrin base [17] .
The present work focuses on the exploitation of thin films of Zn complex of 5, 10, 15, 20-tetraphenylporphyrin (ZnTPP shown in Fig.1 (a) ), two metalloporphyrin derivatives (2-Nitro-5, 10, 15, 20-tetraphenylporphyrinato) zinc (II) (ZnTPP-NO 2 shown in Fig.1 (b) ) and (2, 3-Dioxo-5, 10, 15, 20-tetraphenylporphyrinato) zinc (II) (ZnTPP=O shown in Fig.1 (c) ) as sensing elements. Due to the presence of high number of absorption sites for the vapors/active layer interaction, we adopted spin coating method [18] . Our colorimetric array incorporates the three sensitive materials is able to provide shape-selective sensing and unique pattern for the molecular recognition of vapor analytes even at low vapor concentration because we rely on strong interactions between vapor analytes and sensing elements. 
Experimental

Materials
ZnTPP-NO 2 and ZnTPP=O were synthesized according to known methods [19, 20] , ZnTPP and other chemical reagents were purchased from Aldrich and used as received.
Fabrication and Characterization of Organic Films
In particular, the three sensitive materials were prepared by using chloroform as solvent, and all the sensing layers were prepared in thin film form by spin coating onto suitably cleaned quartz substrates (25mm×25mm sized, 1mm thick) at 2000rpm for 30s.
For organic films characterization, UV-Vis absorption spectra were recorded with a UV-1700 spectrometer. Surface morphology of the organic films was investigated using scanning electron microscopy (SEM) model S-4800 from Hitachi.
Gas Sensitive Characterization of Organic Films
Absorption spectra of ZnTPP, ZnTPP-NO 2 and ZnTPP=O in chloroform solution and the spin-coated thin films were acquired by using UV-1700 spectrometer and the light beam at nearly normal incidence in the 360-760nm spectral range.
All the optical sensing measurements in presence of different VOCs were performed at room temperature. In particular, we considered the following VOCs: pyridine, ethyl acetate and methanol. The vapor effect on the absorption properties of active layer was measured in a home-made chamber (100mm×100mm×50mm) imple-mented in our laboratory where dry air was used as reference gas. The vapor analyte of pyridine, ethyl acetate, and methanol was introduced into the home-made chamber kept at same concentration (1ppm), indepen-dently. The experimental set-up allows the simultaneous monitoring of the UV-Vis spectrum variations in the defined spectral range of the sensing layer.
Measurement of Colorimetric Array to Vapor Analytes
In order to detect vapor analytes at low concentration, we have miniaturized a colorimetric array of ZnTPP, ZnTPP-NO 2 and ZnTPP=O was miniaturized on a reverse phase silica gel to avoid slow response time while the silica gel itself equilibrates with the vapor analyte. All the color information of the array was obtained by an image acquisition system. Fig.2 shows the image of scanning electron microscopy (SEM), which clearly indicated an array of "island" of ZnTPP-NO 2 distributed over the whole surface. The underlying substrate can be observed between some of thses islands. The film presents a highly aggregate macrostructure, which would be very useful in enhancing ingress and egress of the analyte vapor into and from ZnTPP-NO 2 film since, as known, thin film gas sensing is primarily characterised by fast surface adsorption process.
Results and Discussion
Structure Characterization of ZnTPP-NO2 Thin Film
UV-Vis Optical Measurements
The insets of Fig. 3, 4 , and 5 show the UV-Vis solution and spin coated spectra of analyzed macromolecules. The spectrum of ZnTPP solution is dominated by the intense absorption Soret band, whereas the spectrum of the corresponding film shows slightly red-shifted due to the presence of higher aggregates. And the ZnTPP-NO 2 and ZnTPP=O spectra are characterized to a broader absorption in the solid state, which respects to that of ZnTPP film. Our intention is to use the variation, which occurs in the optical absorption of the three sensing materials around the regions of high absorption corresponding to the Soret band when an organic vapor interacts with the sensing layers, as detecting principle for a specific VOC.
VOC Sensing Characteristics
The optical vapor-sensing tests carried out in controlled atmosphere shows that the films, when exposed to vapor analytes, have different and appreciable optical variations in absorbance spectra respect to the absorbance spectra in dry air. Fig.3 shows the UV-Vis absorption spectrum of ZnTPP films in dry air and after 5 min exposure to pyridine, ethyl acetate, and methanol. It can be seen that Soret band shows blue shift after exposed to pyridine. Pyridine can interact with ZnTPP film by coordination to the Zn ion or by dispersion interaction with the macrocycles, which results in a swelling of the film and a consequent reduction of porphyrin-porphyrin π-π interaction. Both these interaction induce a variation of the optical absorption spectrum. However, Soret band is red shift after exposure to ethyl acetate or methanol. Probably the interactions between ethyl acetate (or methanol) molecules and metal coordinated (Zn) enhance π-π conjugate system of porphyrin molecule, and increase the density of the electronic levels available for π-π* transitions. In Fig.4 Soret band of ZnTPP-NO 2 films shows red shift after exposed to ethyl acetate or methanol. The variation in the absorption spectra come from an increase of the density in the electronic levels available for π-π* transitions. This increase is due to the absorption of ethyl acetate (or methanol) molecules onto the absorption sites on the surface of ZnTPP-NO 2 active layer. It is current opinion that the central metal (Zn) together with the peripheral substituent (-NO 2 ) acts as two different sites of interaction with the ethyl acetate (or methanol) molecules. But, Soret band is blue shift after exposure to pyridine. The reason to cause this phenomenon is ascribed to pyridine molecules weaken π-π conjugate system, and decrease the density of the electronic levels available for π-π* transitions. The same theory can interpret the UV-Vis spectral characteristic of ZnTPP=O films (shown in Fig.5) .
In order to evaluate the discrimination power of the solid organic medium for the vapor analytes, the data have been elaborated by the comparison of the responses calculated as the difference in the area integral in some specific wavelength region in the presence of vapor analytes and in dry air. In Fig.6 the two-dimensional bar diagrams report the percentage response (PR) of ZnTPP, ZnTPP-NO 2 and ZnTPP=O films towards the three vapor analytes at 1ppm concentration, respectively. PR corresponding to the area integral variation of the absorption spectrum in the selected wavelength region (360-760nm) is following relationship:
where I vapor represents the area integral of the absorption spectrum in the presence of vapor analytes, I air is the area integral of the absorption spectrum in the presence of dry air. As one can observe, by comparing PR of each metalloporphyrin towards different vapor analytes relatively to the dominant Soret band, the sensing elements behave differently from each other. It is clear evident that a good categorization of the vapor analytes into three groups: 1) pyridine, 2) ethyl acetate, 3) methanol. A vapor analyte can be distinguished from those from another group using these two sensitive elements. 
The Colorimetric Array Responses to Vapor Analytes
When a colorimetric array deposited on a reverse phase silica gel in the sequence of ZnTPP, ZnTPP-NO 2 and ZnTPP=O is exposed to the defined vapor analytes at 1ppm, color changes in the three sensitive elements are observed (shown in Fig.7) . ZnTPP turns brownish into black in the presence of pyridine within a few seconds, and is response to ethyl acetate and methanol, turning the original color into deeper state. ZnTPP-NO 2 changes from green to pale green exposed to pyridine and methanol, but it turns into deeper exposure to ethyl acetate. ZnTPP=O exhibits that turning dark green to pale green to the three vapor analytes, whereas it showed various change degree of color. These color changes give visual discrimination of strong ligands vapor (pyridine), ligating vapor (methanol) and weakly-ligating vapor (ethyl acetate). 
Conclusions
In this work, we reported the sensing properties of ZnTPP, ZnTPP-NO 2 and ZnTPP=O organic thin films as exposed to different VOCs (pyridine, ethyl acetate and methanol). The variations in the UV-Vis absorption spectra are mainly depending on the nature of the metal ion (Zn) and on the peripheral substituent (-NO 2 or =O) of the basic molecule. Furthermore, the percentage response (PR), which is the variation in the area integral corresponding to the typical absorption peaks in 360-760 nm spectral range for each sensing film independently, is used to discriminate VOCs. A colorimetric array has been prepared on a reverse phase silica gel using ZnTPP, ZnTPP-NO 2 and ZnTPP=O for detection of VOCs. The array shows good categorization of the vapor analytes into three groups: 1) pyridine, 2) ethyl acetate, 3) methanol. All these features make the three sensing elements very interesting for electronic nose applications.
